Background--Coronary artery calcium (CAC) predicts coronary heart disease (CHD) events better than carotid wall plaque presence; however, differences in the utility of CAC burden and carotid plaque burden across the spectrum of cardiovascular disease (CVD) events is unknown.
C oronary artery calcium (CAC) and carotid artery plaque have been studied extensively as predictors of cardiovascular disease (CVD) events, to further risk stratify individuals to help identify those who will benefit most from aggressive medical and lifestyle risk reduction strategies. [1] [2] [3] [4] [5] [6] [7] [8] Traditionally, CAC has been viewed as a marker primarily for coronary heart disease (CHD) risk given that the location of the calcification is in the coronary arterial bed. Proposed drawbacks of CAC scoring is the potential for it to not detect noncalcified plaques and to underestimate stroke and transient ischemic attack (TIA) risk compared with carotid plaque identification, given that the carotid artery provides cerebral blood flow. 4, 9 Larger, population-based, prospective studies have shown that despite its anatomical location, CAC presence and burden are strong predictors for CVD events, including stroke and TIA. 4, 8, 10, 11 CAC presence and CAC score are superior to carotid artery intima-media thickness (IMT) for prediction of CHD and CVD events, including stroke and TIA 6, 8, 12, 13 ; however, carotid plaque presence is a better predictor of CVD events than carotid IMT. 8, 14 Recent studies suggest that a quantitative carotid plaque score may be the best carotid ultrasound predictor of CVD risk. 15 The comparative efficacy of CAC scoring and carotid plaque scoring for CVD risk prediction are unclear and have not been investigated in a single, large, multiethnic cohort with long-term follow-up. 16 The MESA (Multi-Ethnic Study of Atherosclerosis)
is a large, ethnically diverse cohort of individuals without clinically evident CVD at baseline and with over 11 years of follow-up. Past analyses in the MESA have focused on carotid IMT or the presence or absence of carotid plaque, but the abilities of CAC and carotid plaque scores predict CVD events have not been compared or described in detail.
Methods Study Participants and Design
The MESA is a prospective cohort study of the prevalence, causes, and progression of subclinical CVD. The MESA is a population-based sample of 6814 men and women aged 45 to 84 years who were free of known CVD at baseline, recruited from 6 US communities. Study objectives and design have been published previously. 17 All participants gave informed consent. Protocols were approved by the institutional review boards of the field and reading centers. This analysis was prespecified and included all MESA participants with Exam 1 CAC evaluation and follow-up data (N=4955) who also had Exam 1 carotid plaque assessment (N=4955) measured by the University of Wisconsin Ultrasound Reading Center (Madison, WI). 8 Because plaque assessment only was available for a subset of MESA participants and may introduce bias into the analysis, multiple imputation was used to account for missing data from the entire MESA cohort (N=6783) and findings were analyzed with and without imputation. Demographic, medical history, and laboratory data were obtained from July 2000 to August 2002 and have been described previously in detail. 17 
Carotid Ultrasonography
At Exam 1, B-mode ultrasound was used to image the near and far walls of the right and left distal common carotid artery (CCA), carotid bulb, and proximal internal carotid (ICA) using a Logiq 700 ultrasound system (13 MHz transducer; General Electric Medical Systems, Wauwatosa, WI). The carotid bifurcations and internal carotid arteries were interrogated thoroughly at 9 MHz from both longitudinal and transverse approaches to identify the thickest regions. Images were stored on super-VHS videotape and digitized at a high resolution and frame rates using a Medical Digital Recording (MDR) device (PACSGEAR, Pleasanton, CA) and converted into DICOM digital records. Carotid plaque presence was defined as a focal abnormal wall thickness (IMT, >1.5 mm) or a focal thickening of >50% of the surrounding IMT. 18, 19 A total plaque score (range, 0-12) was calculated to describe carotid plaque burden. Of the 12 segments analyzed for each participant, 1 point per plaque was allocated for the near and far walls of each segment (CCA, bulb, and ICA) of each carotid artery that was interrogated. For example, if a participant had a plaque on the near and far wall of the bulb and the far wall of the ICA, their total plaque score would be 3. The excellent reproducibility of the University of Wisconsin Ultrasound Reading Center's carotid ultrasound measurements using MESA images has been previously described in detail. 8 Carotid IMT
was not included in this analysis because it has been compared to CAC in the MESA, previously, and the carotid plaque score appears to be superior to it for CVD risk prediction. 8 
CAC Score
Methods for computed tomographic (CT) scanning and interpretation have been reported previously. 20 CAC was assessed at all 6 MESA sites at Exam 1 by using either a cardiac-gated electron-beam CT scanner (Chicago, Los Angeles, and New York Field Centers) or a multidetector CT system (Baltimore, Forsyth County, and St. Paul Field Centers). All scans were over-read by a trained radiologist or cardiologist using an interactive scoring system. 21 CAC was determined by the Agatston score and reported as a continuous variable with excellent reproducibility.
21,22

CVD Events
Participants were followed from the baseline examination for a median of 11.3 (3.0) years. They were contacted by telephone every 9 to 12 months to inquire about interim hospital admissions, CVD outpatient diagnoses, and deaths. Events were verified with death certificates and medical records. Two physicians, blinded to study data, independently reviewed and classified CVD events. In cases of disagreement, a mortality and morbidity committee determined the final classification. CVD was defined as CHD (definite or probable myocardial infarction, CHD death, resuscitated cardiac arrest, definite angina, and probable angina-if followed by coronary revascularization), stroke (fatal or nonfatal), or other atherosclerotic CVD death. 12 Stroke and TIA were adjudicated by neurologists. Stroke was defined as a focal neurological deficit lasting 24 hours or until death with a clinically relevant lesion on brain imaging, and no nonvascular cause was identified. TIA was defined as a focal neurological deficit lasting 30 seconds to 24 hours, without brain imaging suggesting stroke. In the present analysis, the composite of TIA and stroke are reported because the number of strokes was small. A detailed description of the MESA follow-up methods is available at http://www.mesa-nhlbi.org.
Statistical Analysis
CAC score was analyzed continuously as natural log transformation (ln) of (CAC+1) because over 50% of participants had zero CAC. 12 Carotid plaque was analyzed as ln (carotid plaque score +1) and as the transformed and untransformed score ranging from 0 to 12 to allow for more-direct comparison in the current analyses and to other studies, respectively. Measures were divided by the SD to present regression coefficients in SD units, allowing for comparison between 2 measures with different units. Survival analysis was performed using a univariate approach with Kaplan-Meier analysis assessing associations between CAC and carotid plaque (predictors) and CHD, CVD, and stroke/TIA events (outcome variables). Cox proportional hazards models were utilized to assess multiple covariates on survival and to account for potential confounders. Each model was adjusted for age, sex, race/ethnicity, education (categories), family income (family income [1 if <$25 000, otherwise 0]), heart rate, body mass index, smoking (never, former, or current), total cholesterol, high-density lipoprotein (HDL) cholesterol, lipid-lowering medication use, presence of diabetes mellitus, systolic blood pressure, and antihypertension medication use. The strength of association for plaque score and CAC score was based on the relative size of their hazard ratios (HRs) and the corresponding chi-square test or Z test of the HRs will be reported, as in previous MESA publications. 8, 12 Receiver-operating characteristic curves for survival models and net reclassification improvement (NRI) analyses were used to assess the improvement in risk stratification generated by plaque score and CAC score for each outcome. 23 Categorical NRI analyses with bootstrapped SEs were used to assess the improvement for each outcome based on 10-year risk of 10%.
Multiple imputation using sequential chained regression was used to account for all missing values. 8 Estimates were averaged across 10 imputed data sets and Rubin's rules for combining the SEs were used for all models. The multiple imputation model included traditional CVD risk factors, demographic information, CAC scores, and the known outcomes of the entire cohort over the 11-year follow-up period. The percentage of missing data was 0% for the outcome and <1% for all covariates, except low-density lipoprotein (LDL)-cholesterol (2% missing), income (4% missing), and carotid plaque (23% missing).
Results
Participant Characteristics
Baseline characteristics of complete cases (those with carotid plaque measurements, n=4955) and all participants using multiple imputation (n=6783) are described in Table 1 Table 2 .
Comparison of CAC Score and Carotid Plaque Score for Predicting Events
The unadjusted Kaplan-Meier survival curves for CVD, CHD, stroke, and stroke/TIA are shown in Figure 1 by CAC score and Figure 2 by carotid plaque score. They show progressive increases in risks of these events, with increasing CAC burden and carotid plaque burden. Table 3 shows that CAC score significantly improved the Harrell's C-statistic over traditional CVD risk factors for CVD and CHD events (both P≤0.001). The carotid plaque score marginally improved the C-statistic over CVD traditional risk factors alone for CVD (P=0.034) and CHD (P=0.049) events, but the incremental difference in the area under the curve is according to carotid plaque score. N=4955. *P<0.05, comparing each category to the next smallest category (eg, for stroke, the difference between 1 and 2 to 6 was significant at the 0.05 level). CHD indicates coronary heart disease; CVD, cardiovascular disease; TIA, transient ischemic attack.
small. Neither CAC score nor carotid plaque score significantly improved the C-statistic over traditional CVD risk factors alone for stroke/TIA (both P>0.10).
CAC score significantly reclassified non-CVD events (3% [2-5%]) and CHD events (13% [5-18%] ). Carotid plaque score did not consistently reclassify CVD or CHD events or nonevents (Table 3) . Neither CAC score nor carotid plaque score consistently reclassified events or nonevents for stroke/TIA (Table 3) .
In participants with any carotid plaques (ie, carotid plaque score >0; n=2516), the ability of CAC score to predict CVD, CHD, and stroke/TIA events remained similar to or stronger than carotid plaque score (Table 4 ). In those with a CAC score >0 (n=2424), carotid plaque score also predicted CVD events and CHD events, similar to or weaker than CAC score (Table 4) . In analyses where both CAC score and carotid plaque score were included in the same models, CAC score consistently was a stronger predictor than the carotid plaque score for CVD and CHD events, but not for stroke/TIA events (Table 4) . Results with and without multiple imputation were very similar (Table S1 ).
Discussion
The ability of ultrasound to evaluate carotid IMT and carotid plaque presence have been compared to CAC presence previously, and carotid plaque presence appears to be a better predictor of CVD events than carotid IMT. 8 However, the CAC score is a continuous variable that has not been directly compared to the carotid plaque score, a robust carotid ultrasound marker of atherosclerotic burden, in a large, multiethnic cohort with over a decade of follow-up. Our main finding is that both the CAC score and the carotid plaque score improve prediction of CVD and CHD events compared to traditional CVD risk factors alone; however, the predictive value of the CAC score consistently is superior to the carotid plaque score for all total CVD and CHD. For prediction of stroke and TIA events, CAC and carotid plaque score performed similarly. Autopsy studies have demonstrated that atherosclerosis is a systemic disease, 24 and subclinical markers of atherosclerosis have significant overlap, supporting the notion that atherosclerosis, even at the early stages, is a systemic process. The relationships between the locations of subclinical vascular disease have been thought to be linked to the types of events they may predict and could impact which type of study providers should use to identify arterial injury. Numerous studies have shown that the degree of CAC has additional incremental value for CVD and CHD events, 2, 21, 25 but more-recent studies with longer follow-up periods also show an association with CAC and cerebrovascular disease events. 10, 11 Similarly, the carotid plaque score is associated Multivariable model adjusted for age, sex, race/ethnicity, education (categories), family income <$25 000/year, heart rate, body mass index, smoking (never, former, or current), total cholesterol, high-density lipoprotein cholesterol, lipid-lowering medication use, presence of diabetes mellitus, systolic blood pressure, and antihypertension medication use. CAC indicates coronary artery calcium; CHD, coronary heart disease; CVD, cardiovascular disease; HR, hazard ratio; TIA, transient ischemic attack.
with future CHD events despite distance between the carotid and coronary arterial beds. [26] [27] [28] It has been proposed that the heterogeneity of mechanisms of cerebrovascular events is a plausible explanation for why more-recent findings contradict the previously emphasized importance of the anatomical location of subclinical disease in regard to the type of events they predict. 11, 16, 29, 30 This study highlights that although CAC score was, overall, a better predictor of CVD and CHD events, the carotid plaque score had similar predictive value for stroke/TIA events-as predicted by their anatomical location. Though inferior to CAC score for predicting CVD and CHD events, carotid ultrasound remains a relatively inexpensive, noninvasive, radiation-free technique to augment CVD risk prediction, so it may be a more-suitable test in children and young adults. We previously reported the incremental value of increased carotid IMT on risk prediction in the MESA, 8 so it was not included in the present analyses. Also, it recently downgraded to a level III recommendation in the most recent guideline statement on the assessment of CVD risk prediction, 5 though measuring carotid IMT without considering carotid plaque presence or absence already had not been recommended. 18 Whereas detecting carotid plaque is less operator dependent than accurately imaging and measuring carotid IMT, measuring a CAC score is the least operator dependent of these tests.
Limitations
Though the MESA is a large study designed to asses subclinical determinants of CVD, its observational design has well-known limitations. There were a significant number of subjects who were missing carotid ultrasound assessments of plaque at Exam 1. We attempted to mitigate this though the use of multiple imputation to account for missing data and Models were adjusted for age, sex, race/ethnicity, education (categories), family income <$25 000/year, heart rate, body mass index, smoking (never, former, or current), total cholesterol, high-density lipoprotein cholesterol, lipid-lowering medication use, presence of diabetes mellitus, systolic blood pressure, and antihypertension medication use. Multivariable models included both CAC score and carotid plaque score. In model 1, both carotid plaque score and CAC scores are log transformed. In model 2, CAC score is log transformed and plaque score is untransformed, ranging from 0 to 12. CAC indicates coronary artery calcium; CHD, coronary heart disease; CVD, cardiovascular disease; HR, hazard ratio; TIA, transient ischemic attack.
observed no significant differences between the complete case analyses and the imputed data analysis. The data on stroke and TIA are presented together because of the low number of these event types within the MESA. Finally, the units of CAC score and carotid plaque score are not equal, with CAC ranging from 0 to infinity and carotid plaque being a discrete 0 to 12 score. Regression coefficients were presented in SD units of the measure, allowing for moregeneralizable comparisons.
Conclusions
The CAC score improves prediction, discrimination, and reclassification of CVD and CHD risk better than carotid ultrasound measures. CAC and carotid plaque scores had similar prediction and weaker discrimination and reclassification for stroke/TIA events. 
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